We devised an improved spectrophotometric method, based on the differential susceptibility of various hemoglobins to alkaline denaturation, to measure the percentage of fetal hemoglobin (HbF) in bloody meconium so as to determine the source of the blood. The oxyhemoglobin of a sample was spectrophotometrically scanned from 450 to 650 nm before and after the addition of sodium hydroxide. With Allen baseline correction, the ratio of absorbance at 576 nm To compare the Apt test with the modified procedure,
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Ning Liu, Alan H. B. Wu,' and Shan S. Wong ' We devised an improved spectrophotometric method, based on the differential susceptibility of various hemoglobins to alkaline denaturation, to measure the percentage of fetal hemoglobin (HbF) in bloody meconium so as to determine the source of the blood. The oxyhemoglobin of a sample was spectrophotometrically scanned from 450 to 650 nm before and after the addition of sodium hydroxide. With Allen baseline correction, the ratio of absorbance at 576 nm was linearly proportional to the percentage of HbF in the specimen as described by the equation: ratio = 0.01 (%HbF) + 0.0045 (r = 0.9971, = 0.047). Preliminary studies on samples containing 10% or 80% HbF revealed that the method was fairly precise. The Linearity of modified Apt test. The absorbance spectra of oxyhemoglobin, alkaline hematin, and meconium are shown in Figure 1 . Oxyhemoglobin absorbs maximally at 412, 540, and 576 nm (5). Although meconiuin can strongly interfere with the spectrum at 412 nm, its influence becomes much smaller around 540 and 576 nm and can be eliminated with the Allen baseline correction. Also, the alkaline hematin has no absorbance above 500 nm. Thus the absorbance at 576 nm before the addition of sodium hydroxide can be used to represent the total oxyhemoglobin, whereas its absorbance after the addition of sodium hydroxide represents oxyhemoglobin F. Figure 2 shows that the absorbance intensity at 576 nm before and after alkaline denaturation reflects the concentration of HbF. When the ratios of absorbance after alkaline denaturation to that before denaturation are plotted against the percentages of HbF determined by radial immunodiffusion, a straight line is obtained (Figure 3) . Linear regression analysis yielded the equation: absorbance ratio = 0.0107 (%F) -0.0045 (r = 0.9971; S = 0.0471). Meconium, constituting from 10% to 80% (by wt.) of the mixed blood and stool, did not interfere ( Table 2 ). The absorbance ratios at each HbF percentage varied by <14%, which is within the experimental error of the procedure.
Accuracy.
To assess the accuracy of the modified method, we separately mixed with mecomum 10 cord blood and 10 adult blood samples with known HbF percentages (determined by radial immunodiffusion) and 
Reproducibility.
The precision of the method was investigated by using meconium preparations containing either 10% or 80% HbF. Due to lack of material, only five replicate assays could be performed. The estimated within-run CVs were 15% and 5.3% for HbF of 10% and 80%, respectively; the corresponding between-run CVs were 14% and 3.1%.
Discussion
In diagnosing a newborn for lower gastrointestinal tract bleeding, a relatively rapid and accurate assay to rule out swallowed maternal blood is necessary. Usually the general condition of the newborn and the mother's HbF maybe quantified at a wavelength away from the absorbances of contaminants (see Figure 1 and Table 2 ). This process increases the sensitivity and accuracy of the test and is reproducible over a wide range of HbF and total Hb contents ( Figure 1 and Table 2 ). In addition, the process is simple and takes only -30 mm.
In HbF.
An average error for this method is -10% (Table 2 ).
An experimental error of this magnitude will not affect the deduction of source of blood in the meconium. Consequently, the spectrophotometric modification of the Apt test can unambiguously distinguish the origin of blood in a newborn's discharge.
